Figure 1: Typical SICM setup (left) and a DBCNP for combined SECM-SICM imaging (right)

Introduction
We have developed a novel nanoscale probe for simultaneous SECM-SICM imaging, which can be fabricated in only a few minutes and for a fraction of the cost of current probes. This double barrel carbon nanoprobe (DBCNP) consists of two separate barrels for topography (SICM) and electrochemical (SECM) imaging, and has been used to image hard surfaces as well as soft surfaces, such as live hippocampal neurons. Scanning Electron Microscopy, Raman Spectroscopy and Cyclic Voltammetry characterisation of these probes has also been performed.
Background
Scanning Ion-Conductance Microscopy (SICM) has demonstrated a significant capability in studying the morphology of biological surfaces at the nanoscale since its re-invention in 1997 [1] . This technique can probe surfaces, immersed in an electrolyte, with a glass pipette that has an aperture of 100 nm or less in diameter. By incorporating one electrode inside the pipette aperture and one within the sample electrolyte (as shown in Figure 1 ) an ion current can be produced, which reduces as the tip of the pipette approaches a surface. Thus, the ion current can be used as the feedback parameter for topographic mapping of the immersed surface, in a noncontact regime that does not require any sample labelling.
Scanning Electrochemical Microscopy (SECM) is a complimentary technique that requires an ultramicroelectrode (UME) to image the variation in electrochemical activity of a surface immersed in a redox mediator. SECM does not typically provide topographic information, rather variations in topography can distort the mapping of electrochemical variations. Also, SECM UMEs cannot achieve nanoscale resolution due to the micrometre size of the tip. By combining both SECM and SICM, the electrochemical activity and the topography of soft samples can be simultaneously imaged, as very recently shown [2] .
Probe Production and Characterisation
The fabrication of an SECM-SICM pipette with two separate barrels (as shown in Figure 1 ) provides complete isolation of the SECM electrode by the quartz glass walls rather than relying on deposition of an insulating layer, which has previously been shown to be unreliable [2] . The double barrel carbon nanoprobes (DBCNP) were produced from a double-barrelled capillary as detailed below:
1. A quartz theta capillary was pulled into a sharp pipette using a laser-based pipette puller.
2. Barrel 2 of the quartz pipette was then filled with carbon-rich gas and heated. The DBCNPs were then characterised with Raman Spectroscopy and Cyclic Voltammetry (CV):
• A mixture of graphitic and amorphous carbon was present in the carbon electrode as revealed by the carbon D and G peaks present in the Raman spectra -shown in Figure 3 .
• From the CV results in Figure 3 , the disc-electrode displayed a steady-state response with redox current peaks revealing that the electrode size ranged from approximately 50 nm to 300 nm.
Producing these DBCNPs from quartz theta glass capillaries is a much faster and easier way of producing SECM-SICM probes when compared to previous methods that required expensive and time-consuming Focussed Ion Beam (FIB) milling [2] . 
SECM-SICM Imaging
• Barrel 1 was used for monitoring the ion current.
• A constant tip-surface separation could therefore be maintained with a feedback loop.
• The surface topography could then be mapped.
• Barrel 2 allowed the electrochemical activity to be measured at a constant distance from the surface.
• The electrochemical (oxidation-reduction) processes were measured at the carbon electrode formed within the barrel.
Platinum interdigitated array:
• SECM-SICM imaging was performed in hopping mode [4] with DBCNPs, in a PBS solution containing 1.0 mM FcCH 2 OH, to image a platinum interdigitated array, as shown in Figure 4 .
• A constant probe-sample separation of 100 nm was maintained with the SICM feedback loop, so that the simultaneous redox current mapping was performed at a constant distance from the sample, thus minimising topography effects.
• The electrochemical signal increased when the probe was positioned over the 100 nm high Pt bands, due to redox cycling, and the boundary of metal and glass of the electrochemical image was well defined.
Live hippocampal neurons:
• Figure 4 also shows the SECM-SICM images of hippocampal neurons. The height (Z-axis) of the neurons exceeded 25 μm, but the cells and small neural processes were clearly observed in both the SICM and SECM images.
• When the probe was positioned over the bare Petri dish, a hindered diffusion current was recorded. However, when the probe was positioned over the cells, an enhanced redox current was observed.
• This indicates that the cellular membrane is readily permeable to FcCH 2 OH and that this effect can be imaged, largely free from topographical effects, due to the feedback control provided by the simultaneous SICM.
• This also shows that DBCNPs can be used in physiological medium without any short-term electrode deterioration. 
Conclusion
• We have developed a simple, affordable, fast method of producing combined SECM-SICM nanoprobes.
• The fabrication of a probe with a total diameter of 200 nm, and with the diameter of the SICM aperture and SECM carbon electrode of less than 100 nm each, was routinely achievable, with sizes down to 20 nm also possible.
• The DBCNPs could be used to provide high-resolution simultaneous electrochemical and topographical images.
• The DBCNPs were found to be robust and provided excellent temporal and spatial resolution.
• The capability to easily produce nanoscale electrodes with an integrated distance control should allow true nanoscale electrochemical imaging and have widespread applications, as already shown by the frequent implementation of SECM throughout different research fields.
